The novel actinomycete, strain CH3-3 T , was isolated from mangrove sediment collected from
The genus Micromonospora, accommodating Gram-stainpositive actinobacteria which exhibit single non-motile spores on substrate mycelium, was first proposed by Ørskov in 1923 . Members of the genus Micromonospora are widely distributed worldwide and have been isolated from many different sources such as soil (Thawai et al., 2005) , marine sediment (Supong et al., 2013a) , sponge (Supong et al., 2013b) , plant material (Kirby & Meyers, 2010) and insects (Xiang et al., 2014) . The members of this genus can be identified based on the formation of monomeric spores on substrate mycelium, and by chemotaxonomic and phylogenetic characteristics including 16S rRNA gene and gyrB gene analysis criteria (Genilloud, 2012; Koch et al., 1996; Kasai et al., 2000) . In 2015, seven species of the genus Micromonospora, 'M. endophytica ' (Thanaboripat et al., 2015) , M. oryzae (Kittiwongwattana et al., 2015) , M. costi (Thawai, 2015) , M. palomenae, M. harpali (Fang et al., 2015) , 'M. lycii ' (Zhang et al., 2015) and M. fluostatini (Phongsopitanun et al., 2015) , were described. At the time of writing this paper, the genus Micromonospora contained 61 species with validly published names (Parte, 2014) .
During our investigation of biodiversity of marine actinomycetes, strain CH3-3 T , which showed the morphological characteristics of members of the genus Micromonospora, was isolated from mangrove sediment collected from Chonburi Province, Thailand. In this report, we describe the taxonomic position of strain CH3-3 T based on results of a polyphasic approach.
The mangrove sediment sample was dried at room temperature for 7 days. One gram of sediment sample was suspended in 9 ml of sterile natural seawater and diluted to 10 -4 , then 0.1 ml of the resultant suspension was spread on AV medium (1.0 g glucose, 1.0 g glycerol, 0.3 g L-arginine, 0.3 g K 2 HPO 4 , 0.2 g MgSO 4 . 7H 2 O, 0.3 g NaCl, 18 g agar, artificial seawater added up to 1 litre, pH 7.4) and incubated at 30 C for 4 weeks. The colony of strain CH3-3 T was selected and purified on yeast extract-malt extract medium (ISP medium no. 2; Shirling & Gottlieb, 1966) . The pure culture was maintained at 4 C.
The phenotypic characteristics of strain CH3-3 T were examined by using standard methods (Shirling & Gottlieb, 1966) . The cultural characteristics of 14-day-old cultures grown on various media at 30 C were determined by following the standard protocol of the International Streptomyces Project (Shirling & Gottlieb, 1966) . Colours of the soluble pigment, and the aerial and substrate mycelia were determined using the ISCC-NBS colour system (Kelly, 1964) . The morphological properties of strain CH3-3 T were examined, after the culture was grown on marine agar (Difco) at 30 C for 14 days, using a scanning electron microscope (JSM-7610F; JEOL). Carbon utilization was tested by using ISP9 medium (Shirling & Gottlieb, 1966) supplemented with 1 % of the carbon sources at the final concentration. Liquefaction of gelatin, hydrolysis of starch, reduction of nitrate, and coagulation and peptonization of milk were determined by using various media as described by Arai (1975) . Enzyme activities were determined using API ZYM (bioM erieux). The effect of temperature and pH (4-9) as well as NaCl concentration (%, w/v) for growth were examined on ISP2 medium.
For chemotaxonomic studies, freeze-dried cells were obtained from culture grown in ISP2 broth at 30 C for 6 days. The isomers of diaminopimelic acid (DAP) of the cell-wall peptidoglycan and the whole-cell sugar composition were analysed by following the method of Staneck & Robert (1974) . The acyl type of the cell-wall muramic acid was examined by the method of Uchida & Aida (1984) . The presence of mycolic acids was determined using the method of Tomiyasu (1982) . Polar lipids were extracted and analysed by using two-dimensional TLC according to the method described by Minnikin et al. (1984) . The isoprenoid quinones were extracted by the method of Collins et al. (1977) and were analysed by using HPLC with a Cosmosil 5C18 column (4.6 by 150 mm; Nacalai Tesque). Fatty acids composition analysis was performed by using gas chromatography according to the instructions of the Microbial Identification System (MIDI), RTSBA 6, Sherlock system version 6.0 (Sasser, 1990) .
For genotypic analysis, strain CH3-3 T was cultivated in ISP2 broth at 30 C for 6 days and then washed twice with sterile distilled water. The genomic DNA was extracted from the fresh cells by the method of Tamaoka (1994) .
Amplification of the 16S rRNA gene was carried out by the method previously described by Suriyachadkun et al. (2009) , and the PCR products were sequenced (Macrogen, Korea) using universal primers (Lane, 1991) . PCR amplification and sequencing of the gyrB gene were carried out following the method previously described by Garcia et al. (2010) . Multiple alignment of sequences and similarity calculations were performed using CLUSTAL W (Thompson et al., 1994) and the Eztaxon-e database (Kim et al., 2012) . Phylogenetic trees were reconstructed by using the neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Felsenstein, 1983) and maximum-likelihood (Felsenstein, 1981) methods in the program MEGA version 6.0 (Tamura et al., 2013) . The topology of the tree was determined by using a bootstrap analysis based on 1000 replications (Felsenstein, 1985) . The genomic DNA G+C content was determined using the method previously described by Tamaoka & Komagata (1984) .
Strain CH3-3
T grew well on marine agar, showed moderate growth on ISP2, ISP6 and ISP 7 media, and grew poorly on ISP3, ISP4, ISP5 and nutrient media. It produced single spores on substrate mycelium while aerial mycelium was absent. The strain appeared dark greyish-yellow on ISP2, ISP4 and marine agar media; light yellow on ISP7; pale yellow on ISP3 and nutrient agar; moderate yellow on ISP5; and greyish yellow on ISP6. Dark greenish-yellow and light yellow-green pigment were observed on ISP2 and marine agar, respectively. The comparison of cultural characteristics between strain CH3-3 T and related species of the genus Micromonospora are summarized in Table S1 (available in the online Supplementary Material).
Strain CH3-3 T formed monomeric spores on substrate mycelium (Fig. 1) . The spores were smooth on the surface and were 321 to 357 nm in size. The strain utilized L-arabinose, cellobiose, galactose, D-mannitol, L-rhamnose and sucrose; weakly utilized salicin and D-xylose but did not utilize fructose, myo-inositol, D-raffinose or ribose. Growth was observed at pH 7-9 and at 28-37 C. The maximum concentration of NaCl for growth was 2 % (w/v). Others details for phenotypic characteristics are shown in Table 1 and the description of the species.
The chemotaxonomic results revealed that strain CH3-3 T exhibited typical characteristics consistent with members of the genus Micromonospora. Meso-DAP was detected in whole-cell hydrolysates. The strain contained glucose, mannose, xylose, ribose and small amount of rhamnose as whole-cell sugars. The acyl type of cell-wall muramic acid was glycolyl type. Mycolic acids were not present. The polar lipids were phosphatidylethanolamine (PE), phosphatidylinositol (PI), diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), three unidentified glycolipids, an unidentified phospholipid and two unidentified lipids (Fig.  S1 ). Menaquinones were MK-10(H 4 ) (53.4 %), MK-10(H 6 ) (33.5 %) and MK-10(H 8 ) (13.1 %). Major cellular fatty acids (>10 %) were iso-C 15 : 0 (30.2 %), iso-C 16 : 0 (27.9 %) and iso-C 17 : 0 (14.8 %) (Table S2 ). The DNA G+C content was 73.8 mol%.
BLAST analysis of the 16S rRNA gene sequence revealed that strain CH3-3 T shared highest similarity with M. palomenae NEAU-CX1 T (98.97 %) and Micromonospora coxensis 2-30-b (28) T (98.97 %). According to Fig. 2 , it can be seen that the strain shared the same node with M. palomenae NEAU-CX1
T as well as forming a subclade with Micromonospora halophytica DSM 43171 T , M. coxensis 2-30-b(28) T and (Saitou & Nei, 1987) of 16S rRNA gene sequences of strain CH3-3 T and representatives of related species of the genus Micromonospora. Actinoplanes regularis DSM 43151 T was used as an outgroup. Asterisks (*) and hash symbols (#) indicate the branches which were recovered in the maximum-likelihood tree and maximum-parsimony tree, respectively. Numbers at branch nodes indicate bootstrap percentages derived from 1000 replications (only values >50 % are shown) Bar, 0.002 substitutions per nucleotide position.
Micromonospora purpureochromogenes DSM 43821
T . However, the topologies of this subclade were extremely poorly supported (Fig. 2) . To clarify the phylogenetic relationship, gyrB genes of the members of genus Micromonospora were obtained and compared. Fig. S2 revealed that strain CH3-3 T formed a node with M. coxensis DSM 45161
T but with a low bootstrap value. However, this node was recovered in the tree calculated by the maximum-likelihood method (Fig.  S2) . These values were lower than 70 %, the cut off point recommended by Wayne et al. (1987) for assignment of strains to the same species.
According to the morphological and chemotaxonomic properties including the 16S rRNA gene and gyrB gene sequence analysis mentioned above, strain CH3-3 T could be classified in the genus Micromonospora (Genilloud, 2012) . In addition, this strain exhibited different phenotypic characteristics from its closely related taxa; in particular, cultural characteristics; liquefaction of gelatin; utilization of L-arabinose, cellobiose, myo-inositol, D-mannitol, raffinose, L-rhamnose and sucrose as sole carbon sources; and enzyme activity of acid phosphatase, N-acetyl-b-glucosaminidase, alkaline phosphatase, a-chymotrypsin, cystine arylamidase, esterase lipase (C8), a-galactosidase, b-galactosidase, b-glucuronidase, lipase (C14), napthol-AS-BI-phosphohydrolase, trypsin and valine arylamidase (Table 1) .
On the basis of phenotypic and genotypic properties as well as DNA-DNA relatedness, it is evident that strain CH3-3 T could be clearly distinguished from previously described species of the genus Micromonospora. Therefore, strain CH3-3 T represents a novel species of the genus Micromonospora for which the name Micromonospora sediminis sp. nov. is proposed.
Description of Micromonospora sediminis sp. nov.
Micromonospora sediminis (se.di¢mi.nis. L. gen. n. sediminis of sediment).
Gram-stain-positive, aerobic, mesophilic actinomycete which forms branched substrate mycelium. Aerial mycelium is absent. Monomeric spores are observed on substrate mycelium. Colonies appear dark greyish-yellow on ISP2, ISP4 and marine agar media; pale yellow on ISP3 and nutrient media; moderate yellow on ISP5 medium and greyish yellow and light yellow on ISP5 and ISP7 media, respectively. Nitrate is reduced to nitrite. Hydrolysis of starch is positive but liquefaction of gelatin is negative. Utilizes L-arabinose, cellobiose, galactose, D-mannitol, L-rhamnose and sucrose; weakly utilizes salicin and D-xylose but does not utilize fructose, myo-inositol, raffinose or ribose. Shows activities of a-chymotrypsin, esterase (C4), a-glucosidase, leucine arylamidase; weakly positive activities of acid phosphatase, esterase lipase (C8), b-galactosidase, b-glucosidase, napthol-AS-BI-phosphohydrolase and trypsin; and no activites of N-acetyl-b-glucosaminidase, alkaline phosphatase, cystine arylamidase, a-fucosidase, a-galactosidase, b-glucuronidase, lipase (C14), a-mannosidase or valine arylamidase. Growth is observed at pH 7-9 and at 28-37 C. The maximum concentration of NaCl for growth is 2 % (w/v). Cell-wall peptidoglycan contains meso-DAP . Whole-cell sugars are glucose, mannose, xylose, ribose and rhamnose. The N-acyl type of cell-wall muramic acids is glycolyl. Mycolic acids are absent. Polar lipids are PE, PI, DPG, PG, an unidentified phospholipid, three unidentified glycolipids and two unidentified lipids. Menaquinones are MK-10(H 4 ), MK-10(H 6 ) and MK-10(H 8 ). Major cellular fatty acids are iso-C 15 : 0 , iso-C 16 : 0 and iso-C 17 : 0 .
The type strain, CH3-3 T (=JCM 18523  T =PCU 350  T =TISTR  2396 T ), was isolated from mangrove sediment collected from Chonburi Province, Thailand. The genomic DNA G +C content of the type strain is 73.8 mol%.
